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(54) Starch composite reinforced rubber composition and tire with at least one component 
thereof 

(57) The present invention relates to a rubber com- 
position containing a starch/plastici2er composite and to 
pneumatic tires having at least one component com- 
prised of such rubber composition. Such tire component 
can be, for example, its circumferential tread or other 
component of the tire. 

The starch/plasticizer composite can be a compos- 
ite of starch and plasticizer such as, for example, 
poly (ethyl enevinyt alcohol) and/or cellulose acetate or 
any suitable plasticizer which results in such 
starch/plasticizer composite having a melting point 
below that of the starch alone, and particularly below 
about 160°C, and to thereby enable the starch to be 
more processable with conventional elastomer compo- 
sition processing equipment 

In the practice of this invention, a rubber composi- 
tion comprises at least one elastomer, a starch/plasti- 
cizer composite, optionally at least one coupler and, 
optionally, at least one of carbon black and silica rein- 
forcement alone or in conjunction with another reinforc- 
ing or non-reinforcing filler. 



00 

in 

in 
<y> 

o 
a. 

LU 



Printed by Rank Xerox (UK) Business Services 
2 14 14/3 4 



20 



25 



30 



35 



40 



45 



EP 0 795 581 A1 

Description 

Field 



This invention relates to rubber compositions which contain a starch/plasticizer composite, particularly as elas- 
tomer re.nforcement. and to fires having at least one component thereof. Such component can. for example be fh e 
tire s c.rcumferent.al tread or other component of the tire. In one aspect, the rubber composition is comprised of rubber 
particularly sulfur curable, or sulfur cured, rubber, reinforced with a combination of starchyplasticizeTcorr^i e and 
optionally, coupling agent, aJternatively also containing carbon black and/or silica alone or in conjunction wKoE 
reinforcing or non-reinforcing filler. anoiner 
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Starch has sometimes been suggested for use in elastomer formulations for various purposes. It is considered 
herein that easterner formulations, or compositions, containing starch can be developed by Xing a suita^e pS 

l C ° m ° n ^ T? 35 * her6ina,,er diSCUSSed - Such ^arch/pTasticizer ajrrj^Z^ 
used aloneor ,n conjunction with silica and/or carbon black reinforcing fillers or also with other fillerssuch as for exam 

WhT It" 9f0Un K ' V , UlCaniZed rUbb6f PaftideS ' Sh0rt ,ibers ' kaolin cla * ™a. talc, titanium oxide and 'limestone 
Such short fibers can be. for example, fibers of cellulose, aramid, nylon, polyester and carbon composition. 

sitions 5 ' 258 ' 430, ^ 4,90 °' 361 diSC ' 0Se thS P^P 3 ^ 0 " of various starch compo- 

rt ,^t i i n 1 iI P K Cal ! y reP H eS ! m ! d ! S 3 carboh y drate P 01 *™ h * vi "g gating units of amylose (anhydroglucopyran- 
ose units joined by glucosidic bonds) and amylopectin, a branched chain structure, as is well l<nown to be having si 
in such art. TypicaHy, starch is composed of about 25 percent amylose and about 75 percent amylopectin (The Con 

pany. page 813). Starch can be. reportedly, a reserve polysaccharide in plants such as. for example corn potatoes 
rice and wheat as typical commercial sources. corn, potatoes, 

h^in 0 " 6 f** P revious, y been suggested for use in rubber products. However, starch by itself, typically 

having a softening point of about 200°C or above, is considered herein to have a somewhat limited use in many E 
?™^nZ U T y becauserubber «Wtta« are normally processed by preliminarily blending rubber with various 

? ' 3 h ' 9h en0U9h tem P erature to ca^e the starch (with softening temperature of at least about 

remain m individual domains, or granules, within the rubber composition rather than as a more homogeneous Wend 

. f illo ?nMv ,? r T" ,h f 4 SUCh SOftenin9 P0int dl 'sadvantage has rather severely limited the use of starch as 

a filler, particularly as a reinforcing filler, for many rubber products. 

It is considered herein that a development of a starch/plasticizer composition, or compositions with a softenina 
point s.gnrficantly tower than that of the starch alone may allow the starch to be more easily mixed I aJd procS to 
conventional elastomer processing equipment. processed in 

As to reinforcement for various rubber compositions which require high strength and abrasion resistance oarticu- 
ub y st?nt? a rr f ) 38 , ! res . andvari ° US Miai pr0dUC,S ' Sul,ur cured rubber is ""tad which noSSaSi 
S?aSSr P hr) 09 0f,en i0 3 ra " 9e °' 3b0Ut 35 10 *°* 85 ° r 6V6n " P ,0 12 °' P3rtS by 

Carbon black, and sometimes silica, usually precipitated silica, is commonly used as reinforcing filler for such our- 

s 2 £! no h y provW V r enhance 900d physical properties for sutfur cu «* P^el^lZ 

TnfuS ^S^* °! 6 r USed in Conjunction wilh a aoen t usually in combination with carbon black 

to^kS^ 

„ kJ! iS 'TI 13 " 1 1 . apprecia,e ^ conventionally, carbon black is a considerably more effective reinforcing filler for 

^ITT* !? Parfojlarly ^ fUbber tire SiliCa " 1,16 Silica is used * coupling ££ ™S2 

coupler ornlni adhes.on agent as ,t may be sometimes referred to her =in. Use of coupling agents wit precipita^ 2 
ica for reinforang sulfur curable elastomers is well known to those skir * in such art Precipitated sil 

Such coupling agents contain two moieties, one moiety to interact chemically or physicochemically with the rein- 
forcing filler, apparently, for example, with hydroxyl groups on rts surface (eg.SIOH). and another moS to Weract wi 
cneor-oreofthe elastomers, particularly diene-based. sulfur curable elasL^ 

pie. be prem.xed, or pre-reacted. with the silica particles or added to the rubber mix during Grubber/si rao'rSeS 

Z - " *1 couplin9 a9ent and si,ica are added separa,ely to ,he rubber •* wESEEZSi 

or p ocessing stage. ,t is considered that the coupling agent then combines in situ with the silica 9 " 
In particular, such coupling agents are sometimes composed of a silane which has a constituent component or 
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moiety, (the silane portion) odpabte of reacting with the silica surface (eg. StOH) and, also, a constituent component, or 
moiety, capable of reacting with the rubber, particularly a sulfur vulcanizable rubber which contains carbon-to-carbon 
double bonds, or unsaturation such as, for example, a diene-based elastomer. In this manner, then the coupler acts as ' 
a connecting bridge between the silica and the rubber and thereby enhances the rubber reinforcement aspect of the ; 
silica. 

in one aspect, the silane of the coupling agent apparently forms a bond to the silica surface and the rubber reactive 
component of the coupling agent combines with the rubber itself. Usually the rubber reactive component of the coupler 
is temperature sensitive and tends to combine with the rubber during the f inal and higher temperature sulfur vulcaniza- 
tion stage and, thus, subsequent to the rubber/silica/coupler mixing stage and, therefore, after the silane group of the 
coupler has combined with the silica. 

The rubber-reactive group component of the coupler may be, for example, one or more of groups such as mer- 
capto, amino, vinyl, epoxy, and sulfur groups, and is often a sulfur or mercapto moiety and more usually sulfur. 

Nu mej-ou^coupl ing agents aretaught for use in combining silica and rubber, such as, for example, silane cpuplinjL 
agents containing a polysuifide component or^uct'u're.'such'asrfor example, trialkoxVorganosilane poiysulfides con- 
laining-from 2 1b~8 sulfur atoms in a polysuifide bridge such as, for example, bis-(3-triethoxysilylpropyi) tetrasulfide 
and/or trisulfide. / 



The term "phr" if used herein, and according to conventional practice, refers to "parts of a respective material per 
100 parts by weight of rubber, or elastomer". 

In the description of this invention, the terms "rubber" and "elastomer" if used herein, may be used interchangeably, 
unless otherwise prescribed. Thejerms "rubber composition", "compounded rubber" and "rubber compound", if used 
herein, are used interchangeably to refer to "rubber which has been blended or mixed with various ingredients and 
materials" and such terms are well known to those having skill in the rubber mixing or rubber compounding art. 

The term "carbon black" as used herein means "carbon blacks having properties typically used in the reinforcement 
of elastomers, particularly sulfur curable elastomers". 

The term "silica" as used herein can relate to precipitated or fumed silica and typically relates to precipitated silica, 
which is well known to those having skill in such art. 

A reference to an elastomer's Tg refers to its glass transition temperature, which can conveniently be determined 
by a differential scanning calorimeter at a heating rate of 10°C per minute. 

Summary and Practice of the invention 

In accordance with one aspect of this invention, a rubber composition is provided which comprises (A) 100 parts 
by weight of at least one diene-based elastomer, (B) about 0.1 to about 120, alternatively about 25 to about 90, phr of 
at least one elastomer reinforcing filler composed of (i) about 0.1 to about 120, alternatively about 5 to about 70, phr of 
at least o ne starch/synthetic p lasticizer composite and (ij^zerp to about 90, alter natjyely about 20 to about 85, phr pf (a) 
carbon black and/or silica, or (b) carbon black and/or silica and at least one additional inorganic reinforcing or non-rein- 
forcing filler and (C) optionally a coupler for said starch composite and silica, if silica is used, where said coupler has a 
moiety reactive with the surface of said starch composite and the surface of said silica, as the case may be, and a moi- 
ety interactive with the said elastomer; wherein said starch is composed of amylose units and amylopectin units in a 
ratio of about 15/85 to about 35/65. alternatively about 20/80 to about 30/70, and has a softening point according to 
ASTM No. D1228 in a range of about 180°C to about 220°C; and the starch/plasticizer has a softening point in a range 
of about 1 10°C to about 170°C. according to ASTM No. D1228. 

The moiety of the coupler reactive with the starch/plasticizer composite and silica surfaces is generally considered 
herein as being capable of reacting with at least one or more hydroxyl groups on their surfaces and possibly with other 
reactive groups thereon. 

In the practice of this invention, the starch/plasticizer composite may be desired to be used, for example, as a free 
flowing, dry powder or in a free flowing, dry peiletized form. In practice, it is desired that the synthetic plasticizer itself is 
compatible with the starch, and has a softening point lower than the softening point of the starch so that it causes the 
softening of the blend of the plasticizer and the starch to be lower than that of the starch alone. This phenomenon of 
blends of compatible polymers of differing softening points having a softening point lower than the highest softening 
point of the individual polymer(s) in the blend is well known to those having skill in such art. 

For the purposes of this invention, the plasticizer effect for the starch/plasticizer composite, (meaning a softening 
point of the composite being tower than the softening point of the starch), can be obtained through use of a polymeric 
plasticizer such as, for example, poly(ethylenevinyt alcohol) with a softening point of less than 1 60°C. Other plasticizers, 
and their mixtures, are contemplated for use in this invention, provided that they have softening points of less than the 
softening point of the starch, and preferably less than 160 6 C, which might be, for example, one or more copolymers and 
hydrolyzed copolymers thereof selected from ethylene-vinyl acetate copolymers having a vinyl acetate molar content of 
from about 5 to about 90, alternatively about 20 to about 70, percent, ethylene-glycidal acrylate copolymers and ethyl- 
ene-maleic anhydride copolymers. As hereinbefore stated hydrolysed forms of copolymers are also contemplated. For 
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!Z^^E££? tan ^ a ' COh01 C0PO,ymefS ' and vinyl alcohol terpolymers may be 

strom chS 2£ ^ h 9 ° S,afCh 3nd P ' aS,iCiZer inV0,V6S what are consid ^ « Sieved herein to be relatively 
strong chem,cal and/or phyacal interactions between the starch and the plasticizer * 

to ablf^ f ^sired starch to plasticizer weight ratio in a range of about 0.5/1 

SSKSSSsSESSSSS 

^ Preferably, the synthetic plasticizer is selected from at least one of poly(ethylena,inyl alcohol) and cellulose ace- 
polySwacS ^s^ZT^TT b ° Pfepared by ««• «° *™ a 
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coupler reactive with the su race of the starch/plasticizer composite is also reactive with the hydroxyl (eg.SiOH) groups, 
and/other reactive groups, typically on the surface of the silica. 

It is important to appreciate that, preferably, the starch composite is not used as a total replacement for carbon 
black and/or silica in an elastomer composition. Thus, in one aspect, it is considered that the starch composite is to be 

s typically used as a partial replacement for carbon black and/or silica reinforcement for sulfur vulcanizable elastomers. 
It is important to appreciate that, while the starch may be used in combination with the starch/plasticizer composite, 
they are not considered herein as equal alternatives. Thus, while starch might sometimes be considered suitable as a 
reinforcement for the elastomer composition together with the coupler, the starch/plasticizer composite itself may be 
considered more desirable for some applications, even when used without a coupler. 

w If silica is used as a reinforcement together with carbon black, the weight ratio of silica to carbon black is desirably 
in a weight ratio in a range of about 0.1/1 to about 10/1 , thus at least 0.1/1, alternatively at least about 0.9/1 , optionally 
at least 3/1 and sometimes at least 10/1 . 

The weight ratio of said silica coupler to the starch composite and silica, if silica is used, may, for example, be in a 
range of about 0.01/1 to about 0.2/1 or even up to about 0.4/1 . 

is The starch is recited as being composed of amylose units and/or amylopectin units. These are well known compo- 
nents of starch. Typically, the starch is composed of a combination of the amylose and amylopectin units in a ratio of 
about 25/75. A somewhat broader range of ratios of amylose to amylopectin units is recited herein in order to provide a 
starch for the- starch composite which interact with the plasticizer somewhat differently. For example, it is considered 
herein that suitable ratios may be from about 20/80 up to 100/0, although a more suitable range is considered to be 

20 about 1 5/85 to about 35/63. 

The starch can typically be obtained from naturally occurring plants, as hereinbefore referenced. The starch/plas- 
ticizer composition can be present in various particulate forms such as, for example, fibrils, spheres or macromolecules, 
which may, in one aspect, depend somewhat upon the ratio of amylose to amylopectin in the starch as well as the plas- 
ticizer content in the composite. 

25 The relative importance, rf any, of such forms of the starch is the difference in their reinforcing associated with the 
filler morphology. The morphology of the filler primarily determines the final shape of the starch composite within the 
elastomer composition, in addition, the severity of the mixing conditions such as high shear and elevated temperature 
can allow to optimize the final filler morphology. Thus, the starch composite, after mixing, may be in a shape of one or 
more of hereinbefore described forms. 

30 It is important to appreciate that the starch, by itself, is hydrophilic in nature, meaning that it has a strong tendency 
to bind or absorb water. Thus, the moisture content for the starch and/or starch composite has been previously dis- 
cussed herein. This is considered to be an important, or desirable, feature in the practice of this invention because 
water can also act somewhat as a plasticizer with the starch and which can sometimes associate with the plasticizer 
itself for the starch composite such as polyvinyl alcohol and cellulose acetate, or other plasticizer which contain similar 

35 functionalities such as esters of polyvinyl alcohol and/or cellulose acetate or any plasticizer which can depress the melt- 
ing point of the starch. 

Various grades of the starch/plasticizer composition can be developed to be used with various elastomer composi- 
tions and processing conditions. 

As hereinbefore pointed out, the starch typically has a softening point in a range of about 180°C to about 220°C. 
40 depending somewhat upon its ratio of amylose to amylopectin units, as well as other factors and, thus, does not readily 
soften when the rubber is conventionally mixed, for example, at a temperature in a range of about 140°C to about 
165°C. Accordingly, after the rubber is mixed, the starch remains in a solid particulate form, although it may become 
somewhat elongated under the higher shear forces generated while the rubber is being mixed with its compounding 
ingredients. Thus, the starch remains largely incompatible with the rubber and is typically present in the rubber compo- 
45 sition in individual domains. 

However, it is now considered herein that providing starch in a form of a starch composite of starch and a plasticizer 
is particularly beneficial in providing such a composition with a softening point in a range of about 110°C to about 
160°C. 

The plasticizers can typically be combined with the starch such as, for example, by appropriate physical mixing 
so processes, particularly mixing processes that provide adequate shear force. 

The combination of starch and, for example, polyvinyl alcohol or cellulose acetate, is referred to herein as a "com- 
posite". Although the exact mechanism may not be completely understood, it is believed that the combination is not a 
simple mixture but is a result of chemical and/or physical interactions. It is believed that the interactions lead to a con- 
figuration where the starch molecules interact via the amylose with the vinyl alcohol, for example, of the plasticizer mol- 
55 ecule to form complexes, involving perhaps chain entanglements. The large individual amylose molecules are believed 
to be interconnected at several points per molecule with the individual amylopectine molecules as a result of hydrogen 
bonding (which might otherwise also be in the nature of hydrophilic interactions). 

This is considered herein to be beneficial because by varying the content and/or ratios of natural and synthetic 
components of the starch composite it is believed to be possible to after the balance between hydrophobic and 
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m^^T* ^T" ? 8 StarCh C ° mP0nentS and the P,astici2er t0 a,,ow ' for **™^> compose 
tiller to vary in form from spherical particles to fibrils. 

.icularrSn VZ COnS | d ? red h h ,T" ,h3t addin9 3 P ° lyV,nyl alcoho1 ,0 the starch to form a composite thereof, par- 
ticularly when the polyvinyl alcohol has a softening point in a range of about 90°C to about 130°C can be beneficial to 

Z'Z T ^ P,aStidZer COmP ° Site haVin9 3 SOftenin9 *** in a of aboul 1 '« 't TabLt leoTJnd 

or lS y m P r 3 arCh ? r 05 " 6 f ° r bl6ndin9 We " Wi,h 3 rubber ^position during its mixing stage at a temperature 
for example, in a range of about 110"C to about 165°C or 170-C lemperaiure, 

« ta JE/IST 8 ' aSP6Ct °. f 1,16 inventi0n ' 3 tire is provided having at ieast one component comprised of the said 
ZyTrTT e 'T ainin9 fUbber C ° mp0Si,i0n 0f this inven,ion " Althouah "* "WW thereto, such t re com 
P ho,!,l h 3 . 0< tread ' ,r6ad 6859 ° r tread undertread ' ,lre sidewall apexes wedges fo freTe 

tX'JSlZEZfi ^ break6r Wif6 COa,in9 mbber com P° sitio " s ' -ulatio^ rubber SSSS, S 
S S,« o7 P J? ^ d,,IOn ,0 Van0US Par,S ° f ,he tire construction. As used herein, the tread and tread base may 
sKi£ in such" art ^ " " " CirCUmferertial «T- Such tire component, are wel. SShose 

As an aspect feature of this invention, a tire is provided having a circumferential tread comprised of the said rubber 
m such art. such t.re tread is typically designed to be ground-contacting 

inven A tfon. fUrther * ** 8 iS Pr0Vid6d W ' th Sidewa " apexes 01 1,16 said rubbe ' composition of this 

r« .H??^ m ° re h ° moaeneous thS dis P ersion <* ™°°er compound components into the rubber the better ;ne 
resultant cured propert.es of that rubber. It is considered herein that it is a particular feature of tNs ir^ertion tSa me 

7 m ' X ? f *" rUbbW C ° mp0Siti0n dUrin9 ,he rubber mixina ^ ni 9" shear condrtil Td at a em- 
obtained. Th.s is considered herein to be important because upon mixing the elastomer composition containino the 
starch/plasticizer composite to a temperature to reach the melting point temperature « the HmS te th ^sSch com 
posite w,ll contribute to the development of high shearing forces which is c-nsidered to be STtoSStT 

will melt and maximize its reaction with the coupling agent * ' 

in « ™ f^T ' SUCh 3 fUbber c 0 " 1005 * 0 " can be P^'ded as being sulfur cured. The sulfur curing is accomplished 

di^lTh^f? ° f ,NS inV ^ ti0a 35 nereinbefore pointed out. the rubber composition is comprised of at least one 
!: ° r rUbber ThUS ' " iS COnSidered ,hat the elas,omef is ■ curable elastomer The die™ 
of Sr fa'orTa butadi^ T * leaSt °' h °™ P ° ly ™ s °< is °P— and , ,3-buladiene and copolymers 
T a ^ .3-butadiene with a aromatic vinyl compound selected from at least one of styrene and alohameth 

prene rubber (natural and/or synthetic, and preferably natural rubber). 3.4-polyisoprene rubber LreneSene 
S!T?H- n * b ? n( - , ls °P rena * utadi e"e copolymer rubbers, styrene/isoprVne copolym* St£s l£22E 

2JiJSLf" -fT ? ra " 9e 0< ^ 15 10 about 85 P ercenl and Polymerization prepared 

h^elSTs^^ med '" Um t0 W9h Viny ' P0 ' yb — "* ' ^ b e -e simply re3 to 

The rtcber composition is preferably of at least two diene based rubbers 
convl^L 3 ?^' 3n e ? UlSi T Pc^erization derived styrene/butadiene (E-SBR) might be used having a relatively 
conventional styrene ^content of about 20 to about 30 percent bourtf styrene or, for some app^ 

tT2ZT, h T b ° Und S,yTene C ° n,ent - namely ' a bound «*™ content of abTut SO^about 45 perc^ 
nn= a f t y 9h Styr6ne COn,ent of ab0ut 30 10 about 45 ^ ^e E-SBR can be considered benefLial tor nur 

~csrss s^asr r composwon mirture ' especiai,y in 

an, l y emU ' a r P °L ymeriza,ion E - SBR . 't is meant that styrene and 1. 3-butadiene are copolymerized as an 

ISSoiJS^ - ^ ^ ,0 ,h0SS Skill6d in SUCh art 1,16 bound s,y - e contend! X 

to -SS?wS?2n^^ COP ° lymer rubbers < E - S8AR ' containing about 2 

!n tSs tentton ^ ° n ' ,r " e are a,S0 contemplated as diene based rubbers for use 

a hn,I h sn S ° IU ! i0r1 K P , 0lymeriZati0n PrSpared SBR (S - SBR) ,y P ical| y na s a bound styrene content in a range of about 5 to 

iHS'£SS Ts PerCent bUt3diene POrfon ™ y have 3 ^ cortent in a Jge o?S out o 

about SO percent. The S-SBR can be conveniently prepared, for example, by organo lithium catalyzation in the pres 
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ence of an organic hydrocaroon solvent. 

A purpose of using S-SBR is to enhance tire rolling resistance since it should tend to promote lower hysteresis for 
tire tread compositions. 

The 3,4-polyisoprene rubber (3,4-PI) is considered beneficial for a purpose of enhancing the tire's traction when it 
5 is used in a tire tread composition. 

The 3,4-PI and use thereof is more fully described in U.S. Patent No. 5,087,668 which is incorporated herein by ref- 
erence. The Tg refers to the glass transition temperature which can conveniently be determined by a differential scan- 
ning calorimeter at a heating rate of 10°C per minute. 

The cis 1,4-poly butadiene rubber (BR) is considered to be beneficial for a purpose of enhancing the tire tread's 
w wear, or treadwear. 

Such BR can be prepared, for example, by organic solution polymerization of 1,3 -butadiene. 

The BR may be conveniently characterized, for example, by having at least a 90% cis 1 ,4-content. 

The cis 1 ,4-polyisoprene and cis 1 ,4-polyisoprene natural rubber are well known to those having skill in the rubber 

art. 

is The commonly employed siliceous pigments used in rubber compounding applications can be used as the silica in 
this invention, including pyrogenic and precipitated siliceous pigments (silica), although precipitate silicas are preferred. 

The siliceous pigments preferably employed in this invention are precipitated silicas such as, for example, those 
obtained by the acidification of a soluble silicate, e.g., sodium silicate. 

Such silicas might be characterized, for example, by having a BET surface area, as measured using nitrogen gas, 
20 preferably in the range of about 40 to about 600, and more usually in a range of about 50 to about 300 square meters 
per gram. The BET method of measuring surface area is described in the Journal of the American Chemical Society. 
Volume 60, page 304 (1930). 

The silica may also be typically characterized by having a dibutylphthalate (DBP) absorption value in a range of 
. -about 50 to about 400, and more usually about 100 to about 300. 
25 The silica might be expected to have an average ultimate particle size, for example, in the range of 0.01 to 0.05 
micron as determined by the electron microscope, although the silica particles may be even smaller, or possibly larger, 
in size. 

Various commercially available silicas may be considered for use in this invention such as, only for example herein, 
and without limitation, silicas commercially available from PPG Industries under the Hi-Sil trademark with designations 

30 210, 243, etc; silicas available from Rhone-Poulenc, with, for example, Zeosil 1165MP and silicas available from 
Degussa AG with, for example, designations VN2 and VN3, as well as other grades of silica, particularly precipitated 
silicas, which can be used for elastomer reinforcement. 

It is readily understood by those having skill in the art that the rubber composition would be compounded by meth- 
ods generally known in the rubber compounding art, such as mixing the various sulfur-vulcanizable constituent rubbers 

35 with various commonly used additive materials such as, for example, curing aids, such as sulfur, activators, retarders 
and accelerators, processing additives, such as oils, resins including tackifying resins, silicas, and plastictzers, fillers, 
pigments, fatty acid, zinc oxide, waxes, antioxidants and antiozonants, peptizing agents and reinforcing materials such 
as, for example, carbon black. As known to those skilled in the art, depending on the intended use of the sulfur vulcan- 
izable and sulfur vulcanized material (rubbers), the additives mentioned above are selected and commonly used in con- 

40 ventional amounts. 

Typical amounts of tackifier resins, if used, comprise about 0.5 to about 10 phr, usually about 1 to about 5 phr. Typ- 
ical amounts of processing aids comprise about 1 to about 50 phr. Such processing aids can include, for example, aro- 
matic, napthenic, and/or paraffinic processing oils. Typical amounts of antioxidants comprise about 1 to about 5 phr. 
Representative antioxidants may be, for example, diphenyl-p-phenylenediamine and others, such as, for example. 

45 those disclosed in the Vanderbilt Rubber Handbook (1 978), pages 344-346. Typical amounts of antiozonants comprise 
about 1 to 5 phr. Typical amounts of fatty acids, if used, which can include stearic acid comprise about 0.5 to about 3 
phr. Typical amounts of zinc oxide comprise about 1 to about 10 phr. Typical amounts of waxes comprise about 1 to 
about 5 phr. Often microcrystalline waxes are used. Typical amounts of peptizers comprise about 0.1 to about 1 phr. 
The vulcanization is conducted in the presence of a sulfur vulcanizing agent. Examples of suitable sulfur vulcaniz- 

50 ing agents include elemental sulfur (free sulfur) or sulfur donating vulcanizing agents, for example, an amine disulfide, 
polymeric polysulfide or sulfur olefin adducts. Preferably, the sulfur vulcanizing agent is elemental sulfur. As known to 
those skilled in the art, sulfur vulcanizing agents are used in an amount ranging from about 0.5 to about 4 phr, or even, 
in some circumstances, up to about 8 phr. 

Accelerators are used to control the time and/or temperature required for vulcanization and to improve the proper- 

55 ties of the vulcanizate. In one embodiment, a single accelerator system may be used, i.e., primary accelerator. Conven- 
tionally and preferably a primary accelerator(s) is used in total amounts ranging from about 0.5 to about 4, preferably 
about 0.8 to about 1 .5. phr. In another embodiment, combinations of a primary and a secondary accelerator might be 
used with the secondary accelerator being used in smaller amounts (of about 0.05 to about 3 phr) in order to activate 
and to improve the properties of the vulcanizate. Combinations of these accelerators might be expected to produce a 
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but produce a M^y^^S^^S^i "* by normal processin 9 temperatures 

Suitable types cTaSXo* that rnav Z^JT temperatures. Vulcanization retarders might also be used. 

iM^timm^SS^S ■ST m *'T , 5 n 3mineS ' diSU,fideS ' 9Uanidines ' "«*•■"■ 

mide. If a second accelerates us^ ^Snnt! ^ f^" Pre,erab,y the primary acce,erator is ■ sulfena- 
compourxl ^ep^e^ZJ^l"^^ *?*T* * 3 9uanidine ' di<hi °«*amate or thiuram 

•or(s?, if used. J^^^^^Xf ^ °' PM ™° SyStemS ' and acce,era - 

.ionllfc^^^ 

tion with the said starch/plasticSeT comnrS Z *?£2J* »„ ^ ^ °' mbberS m rubber ^^itions, in combina- 
black or rm^^^^^T^S!^ « ^ Uack 3nd/ ° r ° pt '° nally silica and/or non "«^n 
forcement of the !Xr ^ starch/plasterer composite and silica, as the case may be, for the rein- 

"^^CTSTJI? r m 2 Sh6d * m6th0dS kn0W " t0 ,hose ha ™° «" the rubber 
stagetol.owed ^S^SSl ^ffiilE 1" "I '^.r . s,a 9 es ' « 'east one non-productive 

called the >oducti^^^ 

than the mix temperatu™s) IS ^^naZ^Z^ ^ * * ,empera,ure - or uWmate temperature, .ow e ; 
such as carbon b°ack ^nTjp^^^SZZ'^ "»**•<•)• The rubber, starch composite, and fillers 

more non-productive mte S tS^^^J" -""^l? ^ "^'^ "" ere ' are mixed in one ° r 
ing stall in rubber mixing art ' ^""^uct.ve and "productive" mix stages are we., known to those hav- 

tirec?C^ 

readily apparent to those having skill in such art ' van0US me,hods which are ^ and will be 

areby^XTesTSS^^^ 



EXAMPIF 



ber SSSii^ C ° mP0Si,e ^ *' a,Ua,ed 88 Parta ' replaCement *» «■* reinforcement as a rub- 
use ^rcCai^ "»e; is carbon b.ac, Experiment B and C 

usesthecouplerwith thestarchSSerccSSte ZlS *T "* VHlhout C ° UpKn9 agent ' Experiment C 
Pling agent is used. cn/ P |asnci « r composrte, thereby reducing the amount of carbon black used when the cou- 

Se mZ' r 1°l U n «? 3re C °? P / iSed 0f in9rediente ^ « the following Table 1 . 

me rubber compositions contain ng the materials illustrate in t=w*. 1 
mixer using four separate seauerrtial <L,«T,;Jv , . 6 1 were P re Pa red " a BR Banbury rubber 
ingredients are add* ^ ^ n ° n -P^ctive mix stagejn which 

«na. produce mixTo S^ZjJS^SSlS^ IS?*"* and °" e 

utes. 3 minutes, and 2 minutes respective^ o'n LL™ , J 5 C ' respec1,vel K ^ «mes of 4 minutes, 4 min- 
starch composite. /• w ™ coup.er ,s added in the second non-productive mix stage with the 
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Table 1 


5 


Material 


Ext) A 


Exp B 


Exd C 




1st Non- Productive 




Styrene/butadiene rubber 1 


61.88 


61.88 


61.88 


10 


Styrene/butadiene rubber 2 


61.88 


61.88 


61.88 




Natural rubber 3 


10 


10 


10 




Carbon black 4 


85 


65 


60 


15 


Processing Oil 5 ■ 


2.5 


2.5 


0 




Zinc Oxide 


4 


4 


4 




Fatty Acid 6 


2 


2 


2 


•r 


Antioxidant 7 


1.15 


1.15 


1.15 




2nd Non- Productive 




Starch Composite 8 


0 


10 


12 


25 


Bis- (3- 

triethoxysilylpropyl ) 
tetrasulf ide 3 


0 


0 


5 




Productive. 


30 


Sulfur 


1.3 


1.3 


1.3 




Accel erator , sulf enamide 
type 


2.5 


2.5 


2.5 



1) Styrene/butadiene copolymer elastomer, 
emulsion polymerization prepared with 40 
percent styrene and containing 37.5 phr 

40 



45 



50 
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extender oil obtained as SBR 1721 from the 
Enichem company; 

Styrene/butadiene copolymer elastomer, 
emulsion polymerization prepared, having 
about 31.5 percent styrene and containing 
37.5 phr extender oil obtained as Cariflex 
S5820 from the Shell company; 

Cis 1,4-polyisoprene natural rubber; 

N-234 carbon black; 

Of the high aromatic type; 

Primarily stearic acid; 

Of the mixed aryl-p-phenylenediamines type; 

A composite of starch and poly (ethylenevinyl 
alcohol) in a weight ratio of about 1.5/1 and 
having a softening point according to ASTM No. 
D1228 of about 147°C; wherein the starch is 
composed of araylose units and amylopectin units 
in a weight ratio of about 1/3 and a moisture 
content of about 5 weight percent obtained as 
Mater Bi 112 8R from the Novamont - Montedison 
company ; and 

A coupler as a 50% active composite composed 
of an organosilane tetrasulfide on or with 
carbon black in a 50/50 weight ratio 
available as material X50S from Degussa AG . 

Technically the organosilane 
polysulfide is understood to be a composite, 
or mixture, in which the average polysulfide 
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bridge contains about 3.5 to 4 connecting 
sulfur atoms, although the mixture may 
contain such polysulf ides with about 2 to 8 
connecting sulfur atoms. 



EXAMPLE II 



is The cure behavior and cured properties for the compositions prepared in Example I are shown in the following 
Table 2. 

It is evident that utilization of the coupling agent, for this formulation, appears to be desirable for suitable cured 
properties in a starch composite-containing rubber composition, or compound. Such properties include tensile strength 
at break, the 300% modulus value and rebound at 23°C (Room Temperature) and at 100°C. 



Table 2 



Samole # 


Exp A 


ExpB 


ExpC 


Rheometer(150 o C) 


Max. Torque, dNm 


32.3 


24.0 


31.8 


Min. Torque, dNm 


8.9 


4.8 


6.6 


Delta Torque 


23.4 


19.2 


25.2 


Tgo, minutes 


11.3 


15.7 


13.3 


Stress-Strain 


Tensile Strength, MPa 


17.7 


18.6 


16.0 


Elongation at Break, 


% 546 


641 


509 


100% Modulus, MPa 


2.0 


2.0 


2.0 


300% Modulus, MPa 


9.7 


7.0 


9.0 


Rebound 


100°C, % 


47.0 


54.0 


61 


23°C, % 


19 


22 


28 


Hardness 


Shore A, 100°C 


66 


61.0 


61.0 


Storaae Modulus (B) 


10 Hz at 75°C,MPa 


4.1 


2.5 


3.4 


10 Hz at 0°C, MPa 


19.7 


10.0 


11.9 


Tangent Delta 


10Hzat75°C,MPa 


0.107 


0.12 


0.085 


10Hzat0°C, MPa 


0.35 


0.40 


0.33 



The Storage modulus (75°C), 300% modulus and tangent delta at 0°C and 75°C demonstrate that the starch/plas- 
ticizer composite, with the silica coupler, can be beneficially used as a partial replacement of, the carbon black rein- 
forcement. This is because, for example, the elastomer reinforcement property of the starch/plasticizer composite 
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allows a tuning, or adjusting, the stiffness (300% modulus) of the rubber composition for keeping a high tan. delta at 
0°C. This is considered to be important for the tan. delta of 0°C because the 0°C tan. delta value is predictive of the wet 
traction tire tread properties. 

Also, the stress-strain properties, (namely, the 300% modulus and storage modulus (E) at 75°C properties) also 
demonstrate that when no coupling agent is used with the starch/plasticizer composite, its reinforcing properties, as 
identified by the 300% modulus, are not maximized. Thus, for practical purposes, the use of the starch/plasticizer com- 
posite enables a preparation of a lower hysteresis compound for predictive tire lower rolling resistance (as evidenced 
by the tan. delta at 75°C) with predictive improved or at least about equal wet tire tread properties (such as wet traction 
tire tread properties) associated with a maintained tan. delta at 0°C with a lower compound hardness (as evidenced by 
Shore A hardness property) and storage modulus (E) at 0°C. 

EXAMPLE III 

Tires of size 195/65R15 were prepared with treads of the Control Sample A and Experimental Sample C composi- 
tions of Example I with Tire 1 and Tire 2 corresponding the aforesaid Sample A and Sample C, respectively. 

The tires were tested by conventional tire testing procedures with results shown in the following Table 3. The values 
for the Control Tire 1 are normalized to values of 100 and the associated values for Experimental Tire 2 are recited with 
values comparative to the values for the Control Tire 1 , with higher values being preferred. 



Table 3 



Test Values 


Tirel 


Tire 2 


Rolling resistance 


100 


109 


Treadwear at 10,000 km 


100 


100 


Wet Skid 


Wet skid, low mu 


100 


98 


Wet skid, low mu ABS 


100 


110 


Wet skid, ABS, high mu 


100 


107 


Wet skid, high mu 


100 


100 


Drv Handlina 


Steering precision 


100 


118 


Steering response 


100 


103 


Response curve 


100 


100 


Response curve 


100 


100 


Wet Handling 


Wet oversteering 


100 


125 


Wet understeering 


100 


130 



The higher rolling resistance values (actually indicating lower resistance to rolling) are indicative of improved tire 
properties and demonstrate that the use of the starch/plasticizer composite contributes to such improvement. 

The wet traction value(s) are indicative of improved wet skid properties and demonstrate that the use of the 
starch/plasticizer composite allows an advantageous tuning of the compound stiffness and hysteresis profile from a low 
to a high temperature condition. 

The treadwear value(s) are indicative of maintained wear properties for the tire tread and demonstrates that with a 
reduced carbon black content in the rubber composition for the tire tread, the starch/plasticizer composite filler contrib- 
utes as an additive to maintain the tire tread's treadwear performance. 

The improvement in dry and wet handling test value(s) are associated with the reinforcing properties of the 
starch/plasticizer composite. The reinforcing property of the starch^lasticizer composite is considered herein to enable 
the preparation of an elastomer composition with a relatively high 300% modulus while maintaining a relatively low rub- 
ber composition hardness with sufficient dynamic property at zero degrees (which is considered herein to be a signifi- 
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cant requisite for a tire treaa with good dry, wet handling and wet skid properties. 

For the above reported values, the rolling resistance can be determined, for example, by using standard test con- 
ditions. A higher reported value for the rolling resistance means a lower, or improved, rolling resistance which may 
translate into better fuel economy for the vehicle. 
5 The wet traction rating can be determined by comparing tire wet skid properties when mounted on a wheel of a pas- 
senger automobile, in practice, tires are mounted on 4 wheels of the car. The car is run on various surfaces on a road 
(or track) or circuit at defined speeds. For wet skid resistance measurements, water is poured, or sprayed, onto the sur- 
face before the test is conducted. The brakes of the car are applied and the distance for the car to stop is measured and 
compared to a control tire. This overall procedure is believed to be somewhat of an industry standard method of meas- 
w uring skid resistance, whether on a wet surface or dry surface. A lower reported value means less traction, or skid 
resistance. Generally, a higher value is preferred. 

Various surfaces can be used for the traction tests from low to high mu rugosity. 
The term "mu rugosity" means "the variations in level and type of road asperity". 

In particular, the "wet skid asphalt, low mu ABS" test was conducted by driving the automobile on a low mu surface. 
is The term "low mu" means low surface rugosity". The term "ABS" refers to "an anti-blocking wheel system on the auto- 
mobile". „ . . . . 4 , „ 

The "wet skid high mu" test was conducted on a test circuit. The term "high mu" means on a high rugosity surface . 

Treadwear can be measured by mounting tires on metal rims and mounting the resultant wheel assembly on a vehi- 
cle and the vehicle run for at least about 10.000 km. The differences in tread groove depth (from the top to the bottom 
20 of a tread groove) for the original tire is compared to the control tire. A higher value means longer tread life. 

The dry handling tests were conducted by mounting the tires on the wheel (wheels, or which wheel) of an automo- 
bile. The automobile is driven by a driver over usual road, or track, and the dry handling results are reported by the 
driver as a subjective evaluation. A higher value means improved handling characteristics as compared to the control 
tire. 

25 In particular, the term "steering precision" means "a tire's response precision, when mounted on a wheel(s) of an 
automobile and driven by a driver over a road, or track, around a zero degree angle input provided by the car driver". A 
higher value means an improved steering precision. The term "steering response' means the tire response time around 
the zero angle". The term "zero angle" means "the tire direction from a straight line". Thus, the tire is traveling in a 
straight line. This is a subjective evaluation by the driver. A higher value means an improvement in tire response time 
30 at the zero degree angle, namely, less time for a given response to the driver's input. 

The term "response curve* means the tire response for the tire in terms of response time to a driver's input when 
mounted on an automobile and the automobile driven around a defined road curve at a controlled vehicular speed. A 
higher value means an improved response time when adjusting the tire direction on a curve by the driver. 

The wet handling tests were conducted by mounting the tire on a wheel of an automobile, or car, (e.g. a Mercedes 
35 300 E type) and the car driven on a road, or watered sprayed track by a driver. This is a subjective evaluation by the 
driver. A higher value means improved handling properties or tire response and precision. 

While certain representative embodiments and details have been shown for the purpose of illustrating the inven- 
tion, it will be apparent to those skilled in this art that various changes and modifications may be made therein without 
departing from the spirit or scope of the invention. 

40 

Claims 

1. A rubber composition is provided which is characterized by comprising (A) 100 parts by weight of at least one 
diene-based elastomer, (B) 0.1 to 120 phr of at least one elastomer reinforcing filler comprised of at least one 

45 starch/synthetic plasticizer composite and (C) optionally a coupler for said starch composite, where said coupler 
has a moiety reactive with hydroxyl groups contained on the surface of said starch composite and another moiety 
interactive with the said elastomer; wherein said starch is composed of amyiose units and amylopectin units in a 
ratio of 15/85 to 35/65, and has a softening point according to ASTM No. D1228 in a range of 180°C to 220°C pro- 
vided, however, that said starch/plasticizer composite has a softening point in a range of 110 to 160°C. according 

so to ASTM No. D1 228. 

2. The rubber composition of claim 1 characterized by containing 25 to 90 phr of said reinforcing filler (B) composed 
of (i) 5 to 70 phr of said starch/plasticizer composite and 20 to 85 phr of reinforcing carbon black. 

55 3. The rubber composition of claim 1 characterized by containing 25 to 90 phr of said reinforcing filler (B) composed 
of (i) 5 to 70 phr of said starch/plasticizer composite and (ii) 20 to 85 phr of precipitated silica and carbon black, 
wherein the weight ratio of silica to carbon black is in a range of 0.1 to 10/1, and said coupler (C) is a coupler for 
(1) both of said starch/plasticizer composite and of said silica to (2) said elastomer(s) by having a moiety reactive 
with one or more hydroxyl groups on said composite and silica and another moiety reactive with said elastomer(s). 
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4. 



, ,Vc . ^ C °T S,ti0n °' C ' aim 1 characleri2ed b V containing 25 to 90 phr of said reinforcing filler (B) composed 
of (i) 5 to 70 phr of sa.d starch/plasticizer composite, (ii) zero to 85 phr of carbon black and/or precipitated silica, 
wherein the weight ratio of silica to carbon black, if silica is used, is in a range of 0.1 to 10/1. (iii) together with up 
to 85 phr of at least one additional reinforcing and/or non-reinforcing filler; wherein said coupler (C) is a coupler for 
( 1 ) both of said starch/plasticizer composite and of said silica, if silica is used, to (2) said elastomerfs) by having a 
m 01 ety reactive with one or more hydroxy! groups on said starch/plasticizer composite and said silica and another 
moiety reactive with said elastomer(s). 

5. The rubber composition of claim 4 characterized in that said additional filler is selected from at least one of vulcan- 
ized rubber particles, short fibers, kaolin clay, mica, talc, titanium oxide and limestone. 

6. The rubber composition of claim 5 characterized in that said short fibers are selected from fibers of at least one of 
nylon, aramid, polyester and cellulose material. 

7. The rubber composition of any of the preceding claims characterized in that said plasticizer is a liquid at 23°C and 
is selected from at least one of poly(ethylenevinyl alcohol), cellulose acetate and plasticizers based, at least in part 
upon d.esters of dibasic organic acids and forms said starch/plasticizer composite having a softening point in a 
range of 1 10 to 160°C when combined with said starch in a weight ratio in a range of 1/1 to 2/1. 

8. The rubber composition of any of the preceding claims characterized in that said plasticizer has a softening point 
of less than the said starch and less than 160»C and is selected from at least one of poly(ethylenevinyl alcohol) 
cellulose acetate and copolymers, and hydrolyzed copolymers, of ethylene-vinyl acetate copolymers having a vinyl 
acetate molar content of from 5 to 90. alternatively 20 to 70, percent, ethylene-glycidal acrylate copolymers and 
ethylene-maleic anhydride copolymers. 



9. 



10, 



The rubber composition of any of the preceding claims characterized in that said diene based elastomer is selected 
from at least one of homopolymers of isoprene and 1,3-butadiene and copolymers of isoprene and/or 1 3-butadi- 
ene with a aromatic vinyl compound selected from at least one of styrene and alphamethylstyrene. 

The rubber composition of any of the preceding claims characterized in that the diene based elastomer is selected 
from at least one of as 1.4-colyisoprene rubber, 3,4-polyisoprene rubber, styrene/butadiene copolymer rubbers 
isoprene/butadiene rubber, styrene/isoprene/butadiene terpolymer rubbers, cis 1 ,4-polybutadiene rubber medium 
vinyl polybutadiene rubber, high vinyl polybutadiene rubber having a vinyl content in a range of 15 to 85 percent 
and emu Is.on polymerization prepared styrene/butadiene/acrylonitrile terpolymer rubber and butadiene/acryloni- 
trile copolymer rubber. 

1 1 . A tjre having at least one rubber component characterized in that said component is comprised of the rubber com- 
position of any of the preceding claims. 

12. The tire of claim 1 1 characterized in that said component is a circumferential tread designed to be ground-contact- 

13. The tire of claim 1 1 characterized in that said component is a sidewall apex. 
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